Treatment of a cell line derived from the Asian feral mouse Mus caroli with 5-bromodeoxyuridine induces an infectious, xenotropic type C virus. This virus shares strongly cross-reactive reverse transcriptase (RNAdependent DNA polymerase) and p30 antigens and crossinterferes with type C viruses isolated from a woolly monkey (SSAV) and gibbon apes (GALV). By Type C viruses isolated from a woolly monkey (SSV-SSAV)* (1) and a gibbon ape (GALV) (3) produce tumors when inoculated into primates (4). These viruses, and additional isolates from gibbons, are related to one another by immunologic criteria (5-9) and viral cross-interference (10), and contain related RNA genomes (11, 12) . Since sequences homologous to those of the RNAs of SSAV and GALV have not been detected in the cellular DNA of normal primates studied so far (13, 14) , these viruses appear to be horizontally transmitted from animal to animal and not endogenous primate viruses.
Type C viruses isolated from a woolly monkey (SSV-SSAV)* (1) and a gibbon ape (GALV) (3) produce tumors when inoculated into primates (4) . These viruses, and additional isolates from gibbons, are related to one another by immunologic criteria (5) (6) (7) (8) (9) and viral cross-interference (10) , and contain related RNA genomes (11, 12) . Since sequences homologous to those of the RNAs of SSAV and GALV have not been detected in the cellular DNA of normal primates studied so far (13, 14) , these viruses appear to be horizontally transmitted from animal to animal and not endogenous primate viruses.
The partial sequence homology between the RNAs of GALV and SSAV and type C viruses from laboratory mice (Mus musculus) suggests that viruses of the SSAV-GALV group may have originated by trans-species infection of primates with endogenous murine type C viruses (11) . Since most infectious primate type C viruses have been obtained from gibbons from Southeast Asia, we chose to study xenotropic viruses from several feral Asian subspecies of M. musculus. Isolates from the Japanese mouse, M. m. mob0s-sinus, and the Thai mouse, M. m. castaneus, have properties similar to those of xenotropic viruses from laboratory strains of M. musculus (15) (16) (17) . We now describe the isolation from Abbreviations: SSV, simian sarcoma virus; SSAV, simian sarcoma associated virus; GALV, gibbon ape leukemia virus; Ki-MSV, Kirsten strain of murine sarcoma virus; MuLV, murine leukemia virus; FeLV, feline leukemia virus; BrdU, 5- Karyologic analysis of the passage levels used in these experiments shows a karyotype consistent with Al. caroli origin (H. Coon, unpublished data). Hybridization of 3H-labeled, unique sequence DNA from the caroli cell line to the DNA of M. musculus and rat (Rattus norvegicus) using described methods (18) shows that the caroli * caroli hybrid has a melting temperature, Tm, 40 higher than the caroli musculus hybrid, and more than 90 higher than the caroli-rat hybrid. These values are consistent with the origin of the cell line from a nonmusculus species of the genus M1us. Single cell clones of the caroli cell line were obtained by plating cells at limiting dilution in macrotiter wells (19) .
Viruses and Cell Culture. The sources and manner of propagation of the viruses and cell lines used were as described (12, 20, 21) . Chemical induction of endogenous viruses and supernatant reverse transcriptase (RNA-dependent DNA polymerase) assays were performed as described (20) . Viral pseudotypes of Kirsten murine sarcoma virus (Ki-MSV) were prepared by infection of the non-producer mink cell line 64J1 and focus formation was assayed on untransformed mink cells, MvlLu(10).
Immunologic Assays. Antisera raised to partially purified type C viral polymerases were used to inhibit enzyme activity in standard 60-min reactions (22) . At least 60,000 cpm [3H]-dTMP was incorporated in the absence of immune IgG. Radioimmunoassays for the major type C viral structural protein (p30) (23, 24) were performed exactly as described (25, 26) . The results are plotted as percent displacement of the labeled test antigen (linear scale ordinate) versus gg of competing protein (log scale abscissa). Antigenic crossreactions were quantitated by comparing the slopes of competition curves (25) as indicated in the legend to Fig. 3 . Cultures of caroli cells were treated at 50% confluency with BrdU (100 ,ug/ml for 24 hr). Five days later, 1.5 ml of filtered culture supernatant was transferred onto host cell lines (106 cells per 250 ml flask in complete medium containing 2 ,ug/ml of Polybrene). The caroli virus and GALV replicating in FEC cells (3 X 106 cpm per flask) were also plated onto the same indicator host cell lines. Media were assayed for reverse transcriptase activity 22-24 days following infection.
RESULTS
To induce an endogenous type C virus from Mus caroli cells, we treated cultures with 5-bromodeoxyuridine (BrdU) ( 3, untreated. polymerases and p30 proteins antigenically identical to those of the virus isolated from the uncloned stock culture (see below). The induction of virus from single cell clones and the inability of the virus to spread horizontally from cell to cell show that caroli cells contain endogenous virogenes capable of coding for the expression of complete type C particles.
Filtered medium from the induced uncloned stock culture (day 5) was transmitted to various mammalian cell lines in order to find cells permissive for the replication of the induced virus from caroli cells. Table 1 shows that 3 weeks after infection, reverse transcriptase activity was readily detected in the cat cell line, FEC, and the nonproducer mink cell line transformed by Ki-MSV, 64J1. The caroli virus replicating in FEC cells showed the same host range as the induced caroli virus from the stock culture; both viral stocks were restricted from replicating in mouse cells, including caroli cells themselves.
Since the caroli type C virus replicated in the nonproducer mink cell line 64J1 transformed by Ki-MSV, caroli pseudotypes of Ki-MSV were tested for their interference properties.
As shown in Table 2 MvlLu cells previously infected with nontransforming type C viruses were infected with an MSV pseudotype virus as described in the legend to Table 1 . The preinfected host cell lines were shown to be positive for type C virus replication by reverse transcriptase assay before they were used as substrates in these interference studies. Foci were counted in unstained cultures 10 days after infection. AT-124 (28) and MLC (29) (Fig. 2A) , the polymerase of the caroli virus was significantly less in- GBr-3) (1) hibited than the homologous Rauscher viral enzyme. Similar partial inhibition was seen with the SSAV polymerase, while an enzyme from an endogenous baboon type C virus was not inhibited. In contrast, with an antiserum to the polymerase of SSAV (Fig. 2B) , the Rauscher MuLV viral enzyme was weakly inhibited while the polymerase of the caroli virus showed a stronger degree of cross-reaction. Similar results also were obtained with viruses induced from clones of the caroli stock culture. Studies with additional M. musculus and infectious primate type C viruses (Table 3) confirmed that the polymerase of the caroli virus is antigenically more similar to the primate viral enzymes than to the enzymes of all musculus type C viruses tested, including xenotropic isolates from Asian feral subspecies. Fig. 3 shows results of competitive radioimmunoassays for the p30 proteins of murine and infectious primate type C viruses. The amount of protein required to initiate competition reflects the titer of virus in infected cells, while the slopes of the competition curves (indicated in parentheses in Fig. 3 ) are a relative index of the degree of antigenic similarity of the competing and test antigens (25, 26) . In an assay for the p30 protein of an endogenous musculus type C virus (Fig. 3A) , competition was observed with several musculus viruses but not with the virus isolated from Mus caroli. In contrast, in assays for the p30 proteins of SSAV (Fig. 3B) ( Fig. 3C) , the caroli virus showed a strong degree of crossreaction not observed with Rauscher MuLV. An "interspecies" assay which detects determinants common to rodent type C viruses and feline leukemia viruses (FeLV) (Fig. 3D (Fig. 3E) (11) , and by the unique interspecies determinants shared by several homologous proteins of these two major groups of viruses (26) .
A previous example of trans-species infection of type C viruses involved the movement of an endogenous primate type C virus into the genomes of domestic cats and closely related cat species (27) . In this case, the transmission event probably took place several million years ago, and the transmitted virus (RD-114) is now endogenous in the cat genome, is rarely expressed in infectious form, and is poorly infectious for most cat cells. In contrast, the infectious primate type C viruses most likely represent a much more recent, perhaps contemporary, infection, with the viruses not yet being incorporated into the genomes of all members of the infected species. As such, these viruses appear readily capable of producing neoplastic disease.
